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Genetic connectivity of the endangered brown sea cucumber
Isostichopus fuscus in the northern Gulf of California revealed
by novel microsatellite markers
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Abstract

Isostichopus fuscus is an economically important sea cucumber that has been highly exploited along its distribution
range in the eastern Pacific. The significant population decline is responsible for its listing as endangered in the [UCN
Red List. Despite its importance for management and conservation, information about its population genetic structure
is unavailable, largely due to the lack of suitable genetic markers. Here we develop species-specific microsatellite
markers and use them to assess the genetic connectivity between populations in the Gulf of California. Next generation
sequencing (Illumina) was used to shotgun-sequence the genome of 2 sea cucumbers. From these data, we identified
and characterized 19 polymorphic microsatellite loci; which were tested in organisms from Bahia de los Angeles, on
the western shore of the Gulf of California. The number of alleles ranged from 5 to 22, observed heterozygosity from
0.35 to 1, and 4 loci deviated from Hardy-Weinberg equilibrium. We determined high levels of genetic connectivity
between this locality and San Felipe, in the upper gulf (Amova st = 0.002; p > 0.05) with a subset of 8 markers. The
newly designed microsatellites are suitable for multiplexing panels and will be useful for the future genetic assessment
of this important tropical sea cucumber.

Keywords: Holothurid; Fisheries; Conservation genetics; Next generation sequencing; Genome sequencing

Resumen

Isostichopus fuscus es un pepino de mar de importancia econémica que ha sido altamente explotado a lo largo de
su distribucion en el Pacifico oriental. La reduccion significativa en sus poblaciones es responsable de su inclusion
en la Lista Roja de la UICN como especie amenazada de extincion. A pesar de la importancia que tiene para su
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manejo y conservacion, no hay informacion sobre su estructura genética poblacional, en gran parte debido a la falta
de marcadores genéticos adecuados. Para este trabajo desarrollamos marcadores microsatelitales especificos para
la especie y los usamos para evaluar la conectividad genética entre poblaciones del golfo de California. Usamos
secuenciacion de siguiente generacion (Illumina) para secuenciar por “shotgun” el genoma de 2 pepinos de mar. A
partir de esos datos, identificamos y caracterizamos 19 loci microsatelitales polimoérficos que fueron evaluados en
organismos de Bahia de los Angeles, en la costa occidental del golfo de California. El ntiimero de alelos varié entre 5 y
22, la heterocigosidad observada entre 0.35 y 1, y 4 loci se desviaron del equilibrio de Hardy-Weinberg. Usando 8 de
estos marcadores se determinaron altos niveles de conectividad genética entre Bahia de los Angeles y San Felipe, en el
alto golfo (Amova @st = 0.002; p > 0.05). Los nuevos loci microsatelitales son adecuados para ser usados en paneles
de multiplexacion y seran utiles para la futura evaluacion genética de este importante pepino del mar tropical.

Palabras clave: Holoturido; Pesquerias; Genética de la conservacion; Secuenciacion de siguiente generacion;

Secuenciacion gendomica

Introduction

Isostichopus fuscus Ludwig 1875, is a commercially
important species due to its high demand and price in
Asian markets, where it is considered a delicacy. It is
distributed in the eastern central Pacific coast from the Gulf
of California, Mexico, to Ecuador including the Galapagos
Islands (Maluf, 1988). Its shallow habitat and sedentary
habits make this sea cucumber easily accessible to fishing
efforts. Populations of 1. fuscus have severely declined
due to overfishing in México (Ibarra & Soberdn, 2002)
and Ecuador, including Galapagos (Toral-Granda, 2008).
Consequently, /. fuscus has been included as endangered
in the IUCN Red List. Despite its importance, the genetic
status of its populations has been little studied, with only
a handful of samples having been analyzed throughout
its distribution (Lohr, 2003), and in Mexico it remains
unknown. Here, we present the first /. fuscus species-
specific polymorphic microsatellite loci identified from
genomic data produced with next generation sequencing
(NGA, Illumina), and use them to test genetic structure in
the northern Gulf of California. These markers will prove
useful for a variety of genetic studies.

Materials and methods

DNA extraction from the tentacles of 2 organisms
collectedin LaPaz, Mexico(24°44°48.58” N, 110°40°36.27”
W) was performed with lithium chloride protocol (Hong et
al., 1995). De novo assembly of 84,843,094 reads obtained
from NGS massive parallel sequencing (HiSeq 2500
[llumina) resulted in a total of 581,221 contigs averaging
898 base pairs (bp) in length. Contigs were processed
with MSATCOMMANDER (Faircloth, 2008) searching
for potential di- to hexa-nucleotide microsatellite loci
with > 6 repeats and enough flanking regions for primer
design. A total of 11,224 microsatellite loci were obtained,
and unique primers were designed for 4,920 of them.
Subsequently, di-, tri- and tetra-nucleotide microsatellite

loci were selected based on coverage (number of reads
stacked per residue in contig) ranging from 10 to 100 and
the number of motif repeats > 10, to increase chances
of high polymorphism in loci and their usefulness for
population genetics studies (Gardner et al, 2011);
producing 29 candidate microsatellites (15 di, 8 tri and 6
tetra-nucleotide) loci to be tested for amplification success
and polymorphism.

DNA was extracted from tentacles and tube feet of 22
organisms from Bahia de los Angeles (BLA) (24°44°48.58”
N, 110°40°36.27” W), Mexico and from 19 organisms from
San Felipe (SF) (29°48°18” N, 114°22°19” W), Mexico
using PureLink ™ Genomic DNA Mini Kit (Invitrogen).
TheM 13 primersequence (TGTAAAACGACGGCCAGT)
was attached to the 5° end of each forward primer in order
to use fluorescent dyes (FAM, NED, VIC, PET) following
Schuelke (2000). PCR conditions consisted of 1 min initial
denaturation at 94 °C, 30 cycles of 30 s denaturation at
94 °C, 30 s annealing at 63 °C (for all loci) and 30 s
elongation at 72 °C, with 15 min elongation at 72 °C at
the end of the last cycle. A second PCR was performed
replacing the forward primer with FAM, NED, VIC or
PET marked M13 primers, using the same conditions but
an annealing temperature of 53 °C. Amplification products
were subject to fragment analysis in an ABI Prism 3100
genetic analyzer (Applied Biosystems) and genotyped
using GeneMarker v. 2.4.0 (Holland & Parson, 2011).

We used organisms from BLA to fully characterize
microsatellite polymorphism in all loci, where the number
of alleles per locus was evaluated with MStools (Park,
2001). Observed (H), and expected heterozygosities
(Hp), Hardy-Weinberg equilibrium (HWE) and linkage
disequilibrium (LD) were assessed using ARLEQUIN v.
3.5 (Excoffier et al., 2005) and heterozygote deficiency
(Fis) with GENEPOP v. 4.4 (Rousset, 2008). Micro-
checker v. 2.2.3 (Van Oosterhout et al., 2004) was used
to infer the presence of scoring errors, large allele dropout
and null alleles.

Finally a subset of 8 microsatellites (Ifus2-01, Ifus2-
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06, Ifus2-11, Ifus2-14, Ifus3-06, Ifus4-01, Ifus4-03 and
Ifus4-06) was used to assess genetic diversity (N,, H, D O O T
Hy and HWE) in SF, and its genetic differentiation (¢st) Zls S S 2 2 2 $ g
with BLA with an analysis of molecular variance (Amova)
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Table 2

Amova results of population differentiation (¢pst), using 8 novel microsatellite loci, between brown sea cucumber samples from Bahia
de Los Angeles and San Felipe localities in the northern Gulf of California.

Source of variation Variance component Percentage of variation ost p-value
Among populations 0.01 0.2 0.002 0.47
Within populations 2.47 99.8

new microsatellite markers reported herein will be useful
for future population genetics analyses of this endangered
and economically important sea cucumber along its
distribution.
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